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Q. 
I l l  

An  overcurrent  protective  circuit  for  modulated-cdnductivity  type  MOSFET. 

©  An  overcurrent  protective  circuit  for  a  BIFET  (1  )  which  has  a 
voltage  detection  circuit  (1  2,  1  3)  for  detecting  a  voltage  between 
the  drain  and  source  of  the  BIFET  (1  )  and  a  main  switching  circuit 
(14)  for  lowering  a  voltage  between  the  gate  and  source  of  the 
BIFET  )1)  and  preventing  the  failure  or  delay  of  turn-on  of  the 
BIFET  (1)  according  to  the  output  of  the  voltage  detection  circuit 
(12,  13). 

There  is  a  constant  time  delay  before  an  instant  at  which  the 
main  switching  circuit  becomes  turned  on  during  the  initial  turn-on 
period  of  the  BIFET  (1)  upon  reception  of  the  ON-gate  signal. 
Such  a  situation  can  be  prevented  that  during  the  initial  turn 
period  of  the  BIFET  (1),  the  overcurrent  protective  circuit  oper- 
ates  so  as  to  cause  the  BIFET  not  to  be  turned  on,  or  to  be  turned 
on  after  some  delay. AND  LOGIC CONTROL  INPUT  CIRCUIT TERMINAL 37, 
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This  invention  relates  to  an  overcurrent   protect ive  c i r cu i t  

for  a  modulated-conduct ivi ty   type  MOSFET. 

A  modulated-conductivity  type  MOSFET  (metal  oxide 

semiconductor  f i e ld -e f fec t   t ransis tor)   is  a  FET  which  is  p rovided  

with  a  MOS  gate  input,  operates  in  a  bipolar  mode,  and  has  var ious  

advantages  such  as  rapid  switching  speed  and  low  ON  ( s a t u r a t i o n )  

voltage.  This  permits  a  high-power  high-frequency  control  which  has 

not  been  available  by  use  of  conventional  bipolar  t ransis tors   or 

MOSFETs,  and  allows  compactness  and  low  cost  of  various  apparatus  to 

be  realised.  Hereinaf ter ,   the  above-descr ibed  modula ted-  

conductivity  type  MOSFET  is  simply  referred  to  as  BIFET  (Bipolar ,  

mode  FET). 

Figure  1  shows  a  basic  chopper  circuit  for  a  BIFET,  where in  

reference  numeral  1  designates  the  BIFET.  In  Figure  1,  the  

operation  of  turn-on  and  -off  of  the  BIFET  1  functions  so  as  to 

supply  power  from  a  DC  power  source  2  to a  load  3.  The  BIFET  1  is 

on-off  controlled  by  a  gate  signal  generating  circuit  50  which  has  a 

gate  power  source  4  that  supplies a  positive  voltage  to  the  gate  of 

the  BIFET  1,  a  gate  power  source  5  that  supplies  a  negative  vo l tage  

to  the  same,  a n d  



b i p o l a r   t r a n s i s t o r s   6  t h r o u g h   9  t h a t   a m p l i f y   a  c o n t r o l   s i g n a l  

r e c e i v e d   at   a  c o n t r o l   s i g n a l   i n p u t   t e r m i n a l   10.  When  t h e  

c o n t r o l   s i g n a l   i n p u t   t e r m i n a l   10  of  the   ga te   s i g n a l   g e n e r a t i n g  

c i r c u i t   50  r e c e i v e s   a  p o s i t i v e   s i g n a l ,   the  t r a n s i s t o r s   6  a n d  

7  a re   t u r n e d   on  so  as  to  s u p p l y   a  p o s i t i v e   v o l t a g e   from  t h e  

g a t e   power  s o u r c e   4  t h r o u g h   an  o u t p u t   t e r m i n a l   11  to  the   g a t e  

of  t h e   BIFET  1,  which  is   t h e r e b y   t u r n e d   on.  When  t he   c o n t r o l  

s i g n a l   i n p u t   t e r m i n a l   10  r e c e i v e s   a  n e g a t i v e   s i g n a l ,   t h e  

t r a n s i s t o r s   8  and  9  a re   t u r n e d   on  so  as  to  s u p p l y   a  n e g a t i v e  

v o l t a g e   from  the   g a t e   power  s o u r c e   5  t h r o u g h   t he   o u t p u t  

t e r m i n a l   11  to  t he   g a t e   of  t he   BIFET  1,  which  i s   t h e r e b y  

t u r n e d   o f f .  

F i g u r e   2  is  a  g r aph   i l l u s t r a t i n g   one  example   o f  

c h a r a c t e r i s t i c s   b e t w e e n   a  d r a i n   v o l t a g e   VD  and  a  d r a i n  

c u r r e n t   ID,  b o t h   of  a  BIFET.  As  shown,  when  o p e r a t e d   w i t h  

g a t e   v o l t a g e s   VG  h i g h e r ,   ON  v o l t a g e s   of  the   BIFET  b e c o m e  

l o w e r ,   whe reby   power  l o s s   t h e r e i n   can  be  r e d u c e d .  

In  F i g u r e   1,  when  a  s h o r t - c i r c u i t   f a i l u r e   o c c u r s   w i t h i n  

the   l oad   3,  t he   v o l t a g e   be tween   the   d r a i n   and  s o u r c e   of  t h e  

BIFET  1  r i s e s   up  to   the  v o l t a g e   of  t he   DC  power  s o u r c e   2 .  

As  a  r e s u l t   of  t h i s ,   power  l o s s   w i t h i n   the  BIFET  1  b e c o m e s  

e x c e s s i v e l y   l a r g e ,   t h e r e b y   c a u s i n g   i t   to  be  damaged.   S h o u l d  

the   BIFET  1  be  o p e r a t e d   wi th   the   g a t e   v o l t a g e s   l ower   t a k i n g  

such  a  f a i l u r e   w i t h i n   the   load   3  i n t o   c o n s i d e r a t i o n ,   as  s e e n  

from  F i g u r e   4,  ON  v o l t a g e s   of  t he   BIFET  1  become  h i g h e r ,  

whe reby   the   power  l o s s   w i t h i n   the   BIFET  at  ON  s t a t e   b e c o m e s  

l a r g e r .  



To  s o l v e   the  a b o v e m e n t i o n e d   p rob l em,   t h e r e   is   p r o v i d e d  

an  o v e r c u r r e n t   p r o t e c t i v e   c i r c u i t   shown  in  F i g u r e   3.  I n  

F i g u r e   3,  be tween   the  d r a i n   and  s o u r c e   of  t he   BIFET  1,  a r e  

c o n n e c t e d   r e s i s t o r s   12  and  13  in  s e r i e s ,   and  a  v o l t a g e  

b e t w e e n   the  d r a i n   and  s o u r c e   is  d e t e c t e d   a c r o s s   the  r e s i s t o r  

13.  Be tween   the  ga t e   and  s o u r c e   of  the  BIFET  1,  a r e  

c o n n e c t e d   a  r e s i s t o r   41  and  a  t r a n s i s t o r   42  in  s e r i e s ,   a n d  

the  base   of  the   t r a n s i s t o r   42  is  c o n n e c t e d   t h r o u g h   a  z e n e r  

d i o d e   43  to  the  h i g h e r   p o t e n t i a l   s i d e   of  the   r e s i s t o r   1 3 .  

The  g a t e   of  the   BIFET  1  is   c o n n e c t e d   t h r o u g h   a  r e s i s t o r   44 

to  the   o u t p u t   t e r m i n a l   11  of  the   ga t e   s i g n a l   g e n e r a t i n g  

c i r c u i t   5 0 .  

In  o p e r a t i o n ,   when  the   o c c u r r e n c e   of  f a i l u r e   w i t h i n  

the   l oad   3  c a u s e s   an  o v e r c u r r e n t   to  flow  t h r o u g h   the   BIFET  1 ,  

the   ON  v o l t a g e   o f  t h e   BIFET  1  r i s e s .   This  ON  v o l t a g e   i s  

d i v i d e d   by  the  r e s i s t o r s   12  and  13,  and  when  the   v o l t a g e  

a c r o s s   the   r e s i s t o r   13  e x c e e d s   the  zene r   v o l t a g e   v a l u e   o f  

the   z e n e r   d iode   43,  a  c u r r e n t   f lows  i n t o   the  ba se   of  t h e  

t r a n s i s t o r   42.  This   c a u s e s   the   t r a n s i s t o r   42  to  be  t u r n e d  

on,  so  t h a t   the   v o l t a g e   of  the   g a t e   power  s o u r c e   4  b e c o m e s  

d i v i d e d   by  the  r e s i s t o r s   41  and  44  so  as  to  be  l o w e r e d .  

For  e x a m p l e ,   a s suming   t h a t   t he   v o l t a g e   of  the   g a t e   p o w e r  

s o u r c e   4  is  15  V  and  bo th   the  r e s i s t o r s   41  and  44  are  50  n ,  

the  g a t e   v o l t a g e   of  the  BIFET  1  is  15  V  when  o p e r a t e d   i n  

normal   o p e r a t i o n ,   howeve r ,   a f t e r   a  s h o r t - c i r c u i t   f a i l u r e  

has  o c c u r r e d   w i t h i n   the  l oad   3,  the   ga te   v o l t a g e   is  l o w e r e d  

to  7.5  V,  whereby  a  c u r r e n t   t h a t   f lows  t h r o u g h   the  BIFET  1 

can  be  r e d u c e d .   On  the  o t h e r   hand,   when  the  BIFET  1  i s  



t u r n e d   on  w i t h   the   load  3  which   is  in  no rmal   s t a t e ,   t h e r e  

e x i s t s ,   a t   t he   i n i t i a l   t u r n - o n   p e r i o d   t h e r e o f ,   a  d e l a y   t i m e  

of  s e v e r a l   t e n s   of  n a n o s e c o n d s .   Thus,   d u r i n g   the   p e r i o d   o f  

s e v e r a l   t e n s   of  n a n o s e c o n d s   f rom  an  i n s t a n t   a t   which   a  

p o s i t i v e   g a t e   v o l t a g e   is   a p p l i e d   to  the  g a t e   of  the   BIFET  1 ,  

the   v o l t a g e   of  the   DC  power  s o u r c e   2  is  a p p l i e d   be tween   t h e  

d r a i n   and  s o u r c e   of  the   BIFET  1.  Dur ing   t h i s   p e r i o d ,   a  

c u r r e n t   f l ows   i n t o   the  base   of  t he   t r a n s i s t o r   42,  so  t h a t  

the   g a t e   v o l t a g e   of  the   BIFET  1  becomes  l ower   v a l u e .   H o w e v e r ,  

as  t ime   a d v a n c e d ,   the   ON  v o l t a g e   of  the   BIFET  1  is  g r a d u a l l y  

l o w e r e d ,   and  u l t i m a t e l y   r e a c h e s   a  v a l u e   of  s e v e r a l   v o l t s .  

Shou ld   a  v o l t a g e   d e v e l o p e d   a c r o s s   the  r e s i s t o r   13  at   t h i s  

i n s t a n t   become  lower   t han   the   z e n e r   v o l t a g e   of  the   z e n e r  

d i o d e s   43,  t he   t r a n s i s t o r   42  becomes  t u r n e d   o f f   and  the   g a t e  

v o l t a g e   of  the   BIFET  1  r i s e s   u p - t o   the   v o l t a g e   of  the   g a t e  

power  s o u r c e   4,  so  t h a t   the   BIFET  1  can  be  o p e r a t e d   s u c h  

t h a t   t h e   ON  v o l t a g e   t h e r e o f   becomes  s u f f i c i e n t l y   l o w e r e d .  

F i g u r e   4  is   a  g raph   i l l u s t r a t i n g   the   r e l a t i o n s h i p  

b e t w e e n   a  d r a i n   c u r r e n t   ID(max)  and  a  d r a i n - s o u r c e   v o l t a g e  

VD  of  a  BIFET  in  the   case   when  the   BIFET  is   damaged  due  t o  

an  o v e r c u r r e n t   t h a t   f lows  t h e r e i n t o .   In  F i g u r e   4,  t h e  

h a t c h e d   p o r t i o n   is  a  r e g i o n   in  which  the   BIFET  is   d a m a g e d .  

As  can  be  seen   from  the   g r a p h ,   ID(max)  is  in  i n v e r s e  

p r o p o r t i o n   to  VD,  and  i t   becomes  s i g n i f i c a n t   t h a t   t h e  

o v e r c u r r e n t   be  r e d u c e d   as  low  as  p o s s i b l e   p a r t i c u l a r l y  

when  t h e   BIFET  is   u t i l i z e d   in  a  h igh   v o l t a g e   c i r c u i t .  

To  a c h i e v e   t h i s ,   i t   is  n e c e s s a r y   t h a t   the   g a t e   v o l t a g e  

of  the   BIFET  be  r e s t r i c t e d   e i t h e r   below  Vth  (a  minimum  g a t e  



v o l t a g e   to  cause   the  BIFET  to  be  O N - s t a t e )   so  as  to  c e a s e  

the   f low  of  c u r r e n t ,   or  be low  a  v a l u e   of  a p p r o x i m a t e l y  

Vth  +  3  V  so  as  to  s u f f i c i e n t l y   r e d u c e   a  c u r r e n t   t h a t  

s u b s t a n t i a l l y   f l o w s .  

However ,   in  the  c o n v e n t i o n a l   p r o t e c t i v e   c i r c u i t   s h o w n  

in  F i g u r e   3,  shou ld   the   r e s i s t o r s   41  and  44  be  d e t e r m i n e d  

such  t h a t   the   ga t e   v o l t a g e   of  the   BIFET  1  becomes  l e s s   t h a n  

or  e q u a l   to  Vth  when  an  o v e r c u r r e n t   f lows  i n t o   the  BIFET  1 ,  

t h e r e   are  d e v e l o p e d   such  p r o b l e m s   as  f o l l o w s .   F i r s t ,   a s  

d e s c r i b e d   above,   at  the   i n i t i a l   t u r n - o n   p e r i o d   of  t he   BIFET  1 ,  

the   v o l t a g e   of  the   DC  power  s o u r c e   2  is  a p p l i e d   b e t w e e n   t h e  

d r a i n   and  s o u r c e   of  the   BIFET  1,  so  t h a t   the  t r a n s i s t o r   42 

becomes  O N - s t a t e ,   and  at  t h i s   i n s t a n t   the  g a t e   v o l t a g e   o f  

the   BIFET  1  i n e v i t a b l y   d e c r e a s e s   to  a  l e v e l   of  l e s s   t h a n   o r  

e q u a l   to  Vth.  As  a  r e s u l t   o f  t h i s ,   the  BIFET  1  does   n o t  

become  t u r n e d   on,  or  the   t u r n - o n   t ime  t h e r e o f   b e c o m e s  

e x t r e m e l y   l o n g e r .   Second ,   in  the   case   when  a  f a i l u r e   w i t h i n  

the  l oad   3  c a u s e s   the  p r o t e c t i v e   c i r c u i t   to  o p e r a t e ,   a n  

o v e r c u r r e n t   t h a t   f lows  t h r o u g h   the  BIFET  1  d e c r e a s e s  

a b r u p t l y ,   so  t h a t   a  v o l t a g e   a p p l i e d   to  the  BIFET  1  o s c i l l a t e s  

due  to  a  s t r a y   i n d u c t a n c e   component   of  the   c i r c u i t ,   and  t h e  

v o l t a g e   d e v e l o p e d   a c r o s s   the  r e s i s t o r   13  becomes  t e m p o r a r i l y  

lower   t han   the  zene r   v o l t a g e   of  the  z e n e r   d iode   43.  At  t h i s  

i n s t a n t ,   the  t r a n s i s t o r   42  becomes  t u r n e d   o f f ,   and  a  h i g h  

g a t e   v o l t a g e   is  a p p l i e d   a g a i n   to  the  BIFET  1,  t h e r e b y   c a u s i n g  

an  o v e r c u r r e n t   to  f low.   The  a b o v e - d e s c r i b e d   r e p e t i t i o n  

i n d u c e s   o s c i l l a t o r y   phenomena  w i t h i n   the  c i r c u i t .  



The  present  invention  seeks  to  provide  a  highly  r e l i ab le  

overcurrent   p ro tec t ive   circuit  for  a  BIFET. 

Therefore,   according  to  the  present  invention,  there  is 

provided  an  overcurrent   protect ion  circuit  for  a  BIFET  whose  gate  is 

connected  in  use  to  an  output  terminal  of  a  gate  signal  g e n e r a t i n g  

circuit,   the  protect ion  circuit  comprising  voltage  detect ion  means  for 

detecting  the  voltage  between  the  drain  and  source  of  said  BIFET 

charac te r i sed   in  t h a t :  

said  overcurrent   protect ive   circuit  further  comprises  main 

switching  means  which  is  arranged  to  lower  the  voltage  between  t he  

gate  and  source  of  said  BIFET  to  prevent  the  failure  or  delay  of  t u r n -  

on  of  said  BIFET  in  response  to  the  output  of  said  voltage  d e t e c t i o n  

means. 

Some  embodiments  of  the  invention  will  now  be  described  by 

way  of  example  with  reference  to  the  accompanying  drawings,  in  which: 

Figure  1  is  a  diagram  i l lustrat ing  a  basic  c i r cu i t  

configurat ion  for  a  BIFET; 

Figure  2  is  a  graph  i l lustrat ing  v o l t a g e - c u r r e n t  

cha rac te r i s t i c s   for  a  BIFET; 

Figure  3  is  a  diagram  i l lustrat ing  a  circuit  c o n f i g u r a t i o n  

for  a  BIFET  provided  with  a  conventional  overcurrent   p r o t e c t i v e  

c i r c u i t ;  

Figure  4  is  a  graph  i l lustrat ing  an  operat ional   region 

wherein  the  BIFET  is  in  danger  of  being  damaged; 

Figure  5  is  a  diagram  i l lustrat ing  a  BIFET  c i r cu i t  

configurat ion  of  one  embodiment  according  to  the  present  invent ion;  



and 

Figures  6  and  7  are  diagrams  i l lustrat ing  BIFET  c i rcu i t  

configurat ions  of  other  embodiments  of  the  present  invent ion  

r e s p e c t i v e l y .  

Figure  5  shows  a  circuit  configuration  of  one  embodiment.  In 

Figure  5,  the  portions  corresponding  to  those  of  the  basic  c i rcu i t  

shown  in  Figure  1  are  designated  by  reference   numerals  identical  to 

those  in  Figure  1,  so  that  detailed  descriptions  thereof  are  omi t t ed .  

To  provide  a  voltage  detection  circuit  that  detects  the  vo l tage  

between  the  drain  and  source  of  the  BIFET  1,  resistors  12  and  13  a r e  

connected  in  series  between  the  drain  and  source  of  the  BIFET  1  in  the  

same  manner  as  in  Figure  3.  To  provide  a  circuit  that  lowers  a 

voltage  between  the  gate  and  source  of  the  BIFET  1  when  an  overcurrent 

flows  therethrough,   a  series  circuit  of  a  thyristor  14  and  a  MOSFET  15 

is  connected  between  the  gate  and  source  of  the  BIFET  1.  The  gate  of 

the  thyristor  14  is  connected  through  a  zener  diode  16  that  func t ions  

as  a  trigger  diode  to  the  high  potential  side  end  of  the  resistor  13 

which  is  the  output  terminal  of  the  voltage  detection  c i r cu i t .  

Between  the  gate  of  the  BIFET  1  and  the  output  terminal  11  of  the  ga te  

signal  generating  circuit  50,  is  provided  a  resistor  18,  and  be tween  

the  gate  of  the  MOSFET  15  and  the  output  terminal  11  of  the  ga te  

signal  generating  circuit  50,  is  also  provided  a  resistor  19.  The 

combination  of  the  resistor  19  and  the  gate  stray  capaci tance   of  the  

MOSFET  15  consti tutes  a  delay  circuit.  A  zener  diode  17  is  c o n n e c t e d  

between  the  drain  and  source  of  the  MOSFET  15,  so  as  to  prevent  an 

overvo l t age .  



The  time  constant  of  the  delay  circuit  const i tuted  by  the  

resistor  19  and  the  gate  stray  capaci tance  of  the  MOSFET  15  is  se t  

such  that  the  MOSFET  15  does  not  become  turned  on  before  the  BIFET  1 

becomes  turned  on.  Specifically,   for  example,  the  time  constant  of 

the  delay  circuit  is  determined  such  that  the  MOSFET  15  does  not 

become  turned  on  until  an  instant  at  which  a  voltage  between  the  dra in  

and  source  of  the  BIFET  1  lowers  by  10%  after  reception  of  ON-gate 

s i g n a l .  

In  the  above  described  protect ive  circuit,   assume  that  a  

positive  signal  is  applied  to  the  control  signal  input  terminal  10  of  

the  gate  signal  generat ing  circuit ,   whereby  the  BIFET  1  maintains  on -  

state,  when  a  shor t -c i rcu i t   failure  has  occurred  within  the  load  3. 

In  this  case,  an  overcurrent   flows  through  the  BIFET  1,  whereby  t he  

ON-voltage  thereof  rises  and  is  divided  by  the  resistors  12  and  13  so 

as  to  be  detected.   Here,  the  MOSFET  15  is  in  the  on-s ta te   as  a  resu l t  

of  the  ON-gate  signal  from  the  gate  signal  generating  circuit  50. 

When  a  voltage  developed  across  the  resistor  13  exceeds  the  zene r  

voltage  of  the  zener  diode  16,  a  gate  current  flows  through  t h e  

thyristor  14,  which  in  turn  becomes  turned  on. -  When  the  thyristor  14 

changes  to  the  on  state,   the  voltage  between  the  gate  and  source  of 

the  BIFET  1  becomes  the  sum  of  the  ON-voltage  of  the  thyristor  14  and 

the  ON-voltage  of  the  MOSFET  15.  The  sum  can  readily  be  restricted  to 

less  than  2  volts.  The  threshold  voltage  Vth  of  the  BIFET  1,  is 

approximately  5  volts,  so  that  when  an  overcurrent   flows  through  t he  

BIFET  1,  the  voltage  between  the  gate  and  source  thereof  can  be 

res t r i c ted   less  than  Vth,  so  that  the  overcurrent   can  completely  be 



interrupted.   Further,   once  the  thyristor  14  has  become  turned  on,  the  

thyristor  14  maintains  on-s ta te   as  long  as  the  anode  thereof  is  in  a 

positive  potential ,   so  that  even  when  the  overcurrent   of  the  BIFET  1 

is  abruptly  decreased  causing  voltage  oscillation  and  the  gate  vo l tage  

of  the  thyristor  14  to  be  lowered,  the  voltage  between  the  gate  and 

source  of  the  BIFET  1  can  be  res t r ic ted  to  less  than  Vth  so  that  no 

further  overcurrent   can  flow  into  the  BIFET  1. 

Next,  the  operation  of  the  circuit  during  the  initial  t u rn -on  

period  of  the  BIFET  1  will  be  described.  When  a  positive  cont ro l  

signal  is  applied  to  the  control  input  terminal  10  of  the  gate  signal 

generating  circuit,  a  positive  ON-gate  signal  is  supplied  from  the 

output  terminal  11  to  the  gate  of  the  BIFET  1  through  the  resistor  18, 

while  at  the  same  time,  ON-gate  signal  is  applied  also  to  the  gate  of 

the  MOSFET  15  through  the  resistor  19.  In  this  case,  the  gate  vo l tage  

of  the  MOSFET  15  is  raised  in  accordance  with  a  charging  time  cons t an t  

determined  by  the  resistor  19  and  the  gate  stray  capac i tance ,   and  when 

the  gate  voltage  of  the  MOSFET  15  reaches  the  Vth  thereof,  the  MOSFET 

15  becomes  turned  on.  In  this  embodiment,  a  time  required  for  the 

MOSFET  15  to  become  turned  on  is  set  to  be  longer  than  the  t u r n - o n  

delay  time  of  the  BIFET  1,  so  that  even  while  the  ON-voltage  in  the  

initial  turn-on  period  of  the  BIFET  1  is  higher,  the  MOSFET  15  st i l l  

remains  in  o f f - s ta te   resulting  in  that  the  thyristor  14  maintains  o f f -  

state.  Therefore,   to  the  gate  of  the  BIFET  1,  is  supplied  a  high 

level  ON-gate  signal.  As  time  passes,  the  MOSFET  15  becomes  turned 

on,  however,  at  this  instant,  the  ON-voltage  of  the  BIFET  1  has 

a l r e a d y  



become  s u f f i c i e n t l y   l ower ,   so  t h a t   the   t h y r i s t o r   14  can  n e v e r  

be  t u r n e d   on.  T h e r e f o r e ,   in  the  o v e r c u r r e n t   p r o t e c t i v e  

c i r c u i t   of  t h i s   embod imen t ,   a  h i g h   l e v e l   ON-ga te   s i g n a l   c a n  

be  s u p p l i e d   to  the  g a t e   of  the   BIFET  1  e x c e p t   the   ca se   when 

an  o v e r c u r r e n t   f lows  t h r o u g h   the   BIFET  1,  c o n s e q u e n t l y   a  

t u r n - o n   f a i l u r e   or  a  t u r n - o n   d e l a y   of  the   BIFET  1  can  b e  

p r e v e n t e d .   In  F i g u r e   5 , , r e f e r e n c e   n u m e r a l   31  d e s i g n a t e s   a  

p h o t o - c o u p l e r   whose  l i g h t - e m i t t i n g   e l e m e n t   is  c o n n e c t e d   i n  

s e r i e s   to  a  t h y r i s t o r   14,  and  whose  l i g h t - r e c e i v i n g   e l e m e n t  

is   c o n n e c t e d   to  a  r e s i s t o r   32.  The  p h o t o - c o u p l e r   31  

f u n c t i o n s   to  d e t e c t   an  i n s t a n t   a t   which  bo th   the   t h y r i s t o r  

14  and  a  MOSFET  15  become  t u r n e d   on.  A  v o l t a g e   a c r o s s   t h e  

r e s i s t o r   32  is   fed  t h r o u g h   a  waveform  s h a p i n g   c i r c u i t   33  a n d  

a  f l i p - f l o p   c i r c u i t   34  i n t o   one  of  i n p u t   t e r m i n a l s   of  a n  

AND  l o g i c   c i r c u i t   36.  To  the   o t h e r   i n p u t   t e r m i n a l   37  of  t h e  

AND  l o g i c   c i r c u i t   36,  is  s u p p l i e d   a  c o n t r o l   s i g n a l   of  l o g i c a l  

s t a t e   "1"  or  "0" .   R e f e r e n c e   n u m e r a l   38  d e s i g n a t e s   a  l e v e l  

c o n v e r s i o n   c i r c u i t   t h a t   c o n v e r t s   an  o u t p u t   of  t he   AND  l o g i c  

c i r c u i t   36  i n t o   a  s i g n a l   w i th   p o s i t i v e   or  n e g a t i v e   p o l a r i t y .  

The  o u t p u t   t e r m i n a l   of  the   l e v e l   c o n v e r s i o n   c i r c u i t   38  i s  

c o n n e c t e d   to  the  c o n t r o l   i n p u t   t e r m i n a l   1 0  o f   t he   ga t e   s i g n a l  

g e n e r a t i n g   c i r c u i t   5 0 .  

H e r e ,   the   normal   o p e r a t i o n s   of  the  a b o v e m e n t i o n e d  

c i r c u i t   c o n f i g u r a t i o n   w i l l   be  d e s c r i b e d .   To  the   r e s e t  

t e r m i n a l   35  of  the   f l i p - f l o p   c i r c u i t   34,  is  a p p l i e d   a  s i g n a l  

so  as  to  c a u s e   the   o u t p u t   of  the   f l i p - f l o p   c i r c u i t   34  to  b e  

i n v a r i a b l y   a  l o g i c a l   s t a t e   "1" .   On  the  o t h e r   hand ,   to  t h e  

c o n t r o l   i n p u t   t e r m i n a l   37  of  the   AND  l o g i c   c i r c u i t   36,  i s  



a p p l i e d   a  s i g n a l   of  l o g i c a l   s t a t e   "1"  or  "0"  so  as  to  c a u s e  

the  BIFET  1  t o  b e   t u r n e d   on  or  t u r n e d   o f f .   In  t h i s   c a s e ,  

the  o u t p u t   of  the  AND  l o g i c   c i r c u i t   36 .comes  to  the   same 

l o g i c a l   s t a t e   as  t h a t   of  the   s i g n a l   r e c e i v e d   at  the   c o n t r o l  

i n p u t   t e r m i n a l   37,  and  is   fed   i n t o   the  l e v e l   c o n v e r s i o n  

c i r c u i t   38  so  as  t o  b e   c o n v e r t e d   i n t o   a  s i g n a l   w i th   p o s i t i v e  

or  n e g a t i v e   p o l a r i t y ,   a n d  s u p p l i e d   to  the   c o n t r o l   s i g n a l  

i n p u t   t e r m i n a l   10  of  the   g a t e   s i g n a l   g e n e r a t i n g   c i r c u i t .  

As  a  r e s u l t   of  t h i s ,   a  p o s i t i v e   ON-gate  s i g n a l   or  a  n e g a t i v e  

O F F - g a t e   s i g n a l   is  s u p p l i e d   from  the  o u t p u t   t e r m i n a l   11  o f  

the   g a t e   s i g n a l   g e n e r a t i n g   c i r c u i t   to  the  g a t e   of  the   BIFET  1 .  

Nex t ,   the   o p e r a t i o n s   in  the  case   when  an  o v e r c u r r e n t  

f lows   t h r o u g h   the  BIFET  1  w i l l   be  d e s c r i b e d .   When  a n  

o v e r c u r r e n t   f lows  t h r o u g h   the   BIFET  1,  the   t h y r i s t o r   14 

becomes  t u r n e d   on,  whereby   the   g a t e   v o l t a g e   of  the  BIFET  1 

is  l o w e r e d .   At  t h i s   i n s t a n t ,   a  c u r r e n t   f lows   t h r o u g h   t h e  

l i g h t - e m i t t i n g   e l e m e n t   s i d e   of  the  p h o t o - c o u p l e r   31  c o n n e c t e d  

in  s e r i e s   to  the  t h y r i s t o r   14,  t h e r e b y   d e v e l o p i n g   a  v o l t a g e  

a c r o s s   the   r e s i s t o r   32.  Th is   v o l t a g e   is  c o n v e r t e d   i n t o   a  

s p e c i f i e d   l o g i c   l e v e l   s i g n a l   w i t h i n   the  waveform  s h a p i n g  

c i r c u i t   33,  and  in  t u r n ,   fed  i n t o   the  f l i p - f l o p   c i r c u i t   3 4 .  

This  c a u s e s   the  o u t p u t   of  the   f l i p - f l o p   c i r c u i t   34  to  b e  

i n v e r t e d   to  "0",   and  as  a  r e s u l t ,   the  o u t p u t   of  the   AND  l o g i c  

c i r c u i t   36  a l s o   becomes  "0",   so  t h a t   to  the  c o n t r o l   i n p u t  

t e r m i n a l   10  of  the   ga t e   s i g n a l   g e n e r a t i n g   c i r c u i t   50,  i s  

s u p p l i e d   a  n e g a t i v e   v o l t a g e ,   c o n s e q u e n t l y   the  s u p p l y   of  t h e  

ON-gate   s i g n a l   to  the  BIFET  1  is  c e a s e d .  



As  d e s c r i b e d   above ,   in  t h i s   embod imen t ,   t h e r e   can  b e  

p r o v i d e d   no t   only   an  o v e r c u r r e n t   p r o t e c t i o n   fo r   a  BIFET,  b u t  

a l s o   an  a u t o m a t i c   c o n t r o l   such  t h a t   when  an  o v e r c u r r e n t   f l o w s  

t h r o u g h   the   BIFET,  the  o p e r a t i o n   of  a  g a t e   s i g n a l   g e n e r a t i n g  

c i r c u i t   i s   a u t o m a t i c a l l y   c e a s e d .  

F i g u r e   6  shows  a  c i r c u i t   c o n f i g u r a t i o n   of  an  e m b o d i m e n t  

which   has   improved   on  the   embodiment   shown  in  F i g u r e   5.  I n  

t he   p r e v i o u s   e m b o d i m e n t ,   t h e r e   is  n e c e s s i t a t e d   a  c e r t a i n  

p e r i o d   of  t ime  from  commencement  to  i n t e r r u p t i o n   of  a n  

o v e r c u r r e n t   t h a t  f l o w s   t h r o u g h   the   BIFET  1.  This   t ime  i s  
t h e  

d e t e r m i n e d   by  /   t ime   r e q u i r e d   fo r   t he   t h y r i s t o r   14  to  b e c o m e  

t u r n e d   on,  and  i s   u s u a l l y   of  2  to  3  u sec .   Dur ing   t h i s  p e r i o d  

of  t i m e ,   the   o v e r c u r r e n t   f lows   c o n t i n u o u s l y   t h r o u g h   t h e  

BIFET  1,  which   is  t h e r e b y   in  d a n g e r   of  b e i n g   damaged.   I n  

t h i s   e m b o d i m e n t ,   the   a b o v e m e n t i o n e d   d i s a d v a n t a g e   i s  

e f f e c t i v e l y   overcome  by  p r o v i d i n g ,   in   a d d i t i o n   to  t h e  

p r o t e c t i v e   c i r c u i t   shown  in  F i g u r e   5,  a  s e r i e s   c i r c u i t  

of  a  b i p o l a r   t r a n s i s t o r   20  and  a  MOSFET  21  b e t w e e n   the   g a t e  

and  s o u r c e   of  t he   BIFET  1.  Between  the   d r a i n   and  s o u r c e   o f  

t he   BIFET  1,  is  a d d i t i o n a l l y   p r o v i d e d   a  s e r i e s   c i r c u i t   o f  

r e s i s t o r s   24  and  25  as  a  v o l t a g e   d e t e c t i o n   c i r c u i t .   The  b a s e  

of  t he   t r a n s i s t o r   20  is  c o n n e c t e d   t h r o u g h   a  z e n e r   d iode   22  t o  

the   h i g h   p o t e n t i a l   s i d e   end  of  the  r e s i s t o r   25.  The  ga t e   o f  

the   MOSFET  21  i s ,   in  common  w i th   the   g a t e   of  the   MOSFET  1 5 ,  

c o n n e c t e d   t h r o u g h   the   r e s i s t o r   19  to  the   o u t p u t   t e r m i n a l   1 1 .  

Be tween   t he   d r a i n   and  s o u r c e   of  t he   MOSFET  21,  is  c o n n e c t e d  

a  z e n e r   d i o d e   23  so  as  to  p r e v e n t   an  o v e r v o l t a g e .  



In  the   a b o v e m e n t i o n e d   c i r c u i t ,   when  a  s h o r t - c i r c u i t  

f a i l u r e   o c c u r s   w i t h i n   the  load  3,  as  d e s c r i b e d   above ,   a n  

o v e r c u r r e n t   f lows  t h r o u g h   the   BIFET  1,  whereby   the  O N - v o l t a g e  

t h e r e o f   r i s e s .   This   c a u s e s   bo th   the  v o l t a g e s   r e s p e c t i v e l y  

a c r o s s   t h e   r e s i s t o r s   13  and  25  to  be  r a i s e d ,   and  when  t h e s e  

v o l t a g e s   r e s p e c t i v e l y   exceed   the  zene r   v o l t a g e s   of  the   z e n e r  

d i o d e s   16  and  22,  c u r r e n t s " r e s p e c t i v e l y   f low  to  the  g a t e   o f  

t he   t h y r i s t o r   14  and  the   base   of  the  t r a n s i s t o r   20.  As 

d e s c r i b e d   above ,   the   t h y r i s t o r   14  has  a  t u r n - o n   t ime  of  2 

to  3  p s e c ,   however ,   d u r i n g   t h i s   p e r i o d ,   the   t r a n s i s t o r   20 

f i r s t   becomes   t u r n e d   on.  Namely,  the  v o l t a g e   be tween   t h e  

g a t e   and  s o u r c e   of  t he   BIFET  1  is  l o w e r e d   to  the   sum  of  t h e  

O N - v o l t a g e   of  the   t r a n s i s t o r   20  and  the  O N - v o l t a g e   of  t h e  

MOSFET  21,  and  t h i s   c a u s e s   the  o v e r c u r r e n t   t h a t   f lows  t h r o u g h  

the   BIFET  1  t o  b e   i n t e r r u p t e d .   When  the   o v e r c u r r e n t   i s  

i n t e r r u p t e d ,   as  d e s c r i b e d   above ,   t h e r e   is  such  a  p o s s i b i l i t y  

t h a t   t he   v o l t a g e   be tween   the  d r a i n   and  s o u r c e   of  the  BIFET  1 

o s c i l l a t e s ,   howeve r ,   a f t e r   a  t ime  of  2  to  3  psec  f r o m  

commencement   of  the   o v e r c u r r e n t ,   the  t h y r i s t o r   14  b e c o m e s  

c o m p l e t e l y   t u r n e d   on,  so  t h a t   the  v o l t a g e   be tween   the   g a t e  

and  s o u r c e   of  the   BIFET  1  can  be  m a i n t a i n e d   below  the  V t h  

t h e r e o f ,   whereby   the   r e o c c u r r e n c e   of  the   o v e r c u r r e n t   w i t h i n  

the   BIFET  1  can  be  p r e v e n t e d .  

As  d e s c r i b e d   above ,   in  t h i s   embod imen t ,   the   BIFET  1  c a n  

be  more  e f f e c t i v e l y   p r o t e c t e d   from  the  o v e r c u r r e n t   c o m p a r e d  

to  the  p r e v i o u s   e m b o d i m e n t .  

M o r e o v e r ,   the  c i r c u i t   c o n f i g u r a t i o n   t h a t   a u t o m a t i c a l l y  

c o n t r o l s   the  o p e r a t i o n   of  the   ga te   s i g n a l   g e n e r a t i n g   c i r c u i t  



shown  in  Figure  5  can  similarly  be  adapted  to  the  circuit  in  the  

embodiment  shown  in  Figure  6. 

Figure  7  shows  a  circuit  configurat ion  of  ano the r  

embodiment.  A  series  circuit  of  a  diode  27  and  a  MOSFET  26  between 

the  gate  and  source  of  the  BIFET  1  acts  to  lower  the  voltage  be tween  

the  gate  and  source  of  the  BIFET  when  an  overcurrent  flows  through 

it.  The  gate  of  the  MOSFET  26  is  connected  through  a  pa ra l l e l  

circuit  of  a  resistor  29  and  a  diode  28  to  the  high  potential  side 

end  of  the  resistor  13  which  is  the  output  terminal  of  the  vo l tage  

detect ion  circuit.   The  resistor  28  and  the  diode  29  together  with 

the  gate  input  capaci tance   of  the  MOSFET  26  const i tu te   a  spec i f i ed  

time  constant  circuit.  As  a  circuit  that  select ively  s h o r t - c i r c u i t s  

the  high  potential   side  end  of  the  resistor  13  which  is  the  ou tpu t  

terminal  of  the  voltage  detection  circuit,   there  are  provided  a  MOS- 

INVERTER  that  comprises  a  MOSFET  40  and  a  resistor  43,  and  a  MOSFET 

30  which  is  controlled  by  the  MOS-INVERTER.  The  input  terminal  of 

the  MOS-INVERTER  is  connected  through  a  resistor  41  to  the  output 

terminal  11  of  the  gate  signal  generating  circuit  50.  The  r es i s to r  

41,  together  with  the  gate  input  capacitance  of  the  MOSFET  40 

const i tu tes   a  delay  circuit.   Between  the  drain  and  source  of  t he  

MDSFET  30,  is  provided  a  zener  diode  39  for  overvoltage  p r o t e c t i o n .  

The  time  constant  of  the  delay  circuit  const i tuted  by  t he  

resistor  41  and  the  MOSFET  40  is  determined  such  that  the  MOSFET  26 

does  not  become  turned  on  before  the  BIFET  1  becomes  turned  on, 

namely  the  MDSFET  30  remains  turned  on. 



S p e c i f i c a l l y ,   for   example ,   t he   t ime  c o n s t a n t   of  the   d e l a y  

c i r c u i t   is   d e t e r m i n e d   such  t h a t   the   MOSFET  30  does  not   b e c o m e  

t u r n e d   o f f   u n t i l   an  i n s t a n t   at   which  a  v o l t a g e   be tween   t h e  

d r a i n   and  s o u r c e   of  the   BIFET  1  l o w e r s   by  10%  a f t e r   r e c e p t i o n  

of  ON-gate   s i g n a l .  

In  the  a b o v e - d e s c r i b e d   p r o t e c t i v e   c i r c u i t ,   when  a  

p o s i t i v e   s i g n a l   is  a p p l i e d - t o   the   c o n t r o l   s i g n a l   i n p u t  

t e r m i n a l   10  of  the  ga t e   s i g n a l   g e n e r a t i n g   c i r c u i t   50,  O N - g a t e  

s i g n a l   is  s u p p l i e d   from  the   o u t p u t   t e r m i n a l   11  t h r o u g h   t h e  

r e s i s t o r   42  to  the  ga t e   of  the   BIFET  1,  which  in  t u r n ,   i s  

t u r n e d   on.  While  at  the   same  t i m e ,   ON-gate  s i g n a l   i s  

s u p p l i e d   t h r o u g h   the  r e s i s t o r   41  a l s o   to  the  g a t e   of  t h e  

MOSFET  40,  howeve r ,   an  i n s t a n t   at  which  the  MOSFET  40  b e c o m e s  

t u r n e d   on  is  d e l a y e d   by  v i r t u e   of  the   d e l a y   c i r c u i t  

c o n s t i t u t e d   by  the  r e s i s t o r   41  and  the  ga te   i n p u t   c a p a c i t a n c e  

of  the   MOSFET  40  by  a  s p e c i f i e d   t ime  compared  to  an  i n s t a n t  

at  which  the  BIFET  1  becomes  t u r n e d   on.  When  the   MOSFET  40 

becomes  t u r n e d   on,  the  MOSFET  30  c o n n e c t e d   in  p a r a l l e l   w i t h  

the  r e s i s t o r   13  becomes  t u r n e d   o f f .   This  means  t h a t   t h e  

MOSFET  30  s h o r t - c i r c u i t s   bo th   ends  of  the  r e s i s t o r   13  d u r i n g  

the  s p e c i f i e d   i n i t i a l   t u r n - o n   p e r i o d   of  the  BEFET  1 .  

When  a  n e g a t i v e   c o n t r o l   s i g n a l   is  a p p l i e d   to  the  c o n t r o l  

i n p u t   t e r m i n a l   10  of  the  g a t e   s i g n a l   g e n e r a t i n g   c i r c u i t ,   a  

n e g a t i v e   OFF-ga te   s i g n a l   is  p r o d u c e d   from  the  o u t p u t   t e r m i n a l  

11  so  as  to  t u r n   of f   the   BIFET  1.  While   at  the   same  t i m e ,  

the  n e g a t i v e   OFF-ga te   s i g n a l   is  s u p p l i e d   a l so   to  the  g a t e   o f  

the  MOSFET  40,  which  in  t u r n   becomes  t u r n e d   o f f .   Thus,  t h e  

MOSFET  30  becomes  t u r n e d   on  so  as  to  s h o r t - c i r c u i t   t h e  



r e s i s t o r   13  of  t he   v o l t a g e   d e t e c t i o n   c i r c u i t .  

As  d e s c r i b e d   above ,   in  t h i s   o v e r c u r r e n t   p r o t e c t i v e  

c i r c u i t ,   t he   MOSFET  30  r e m a i n s   t u r n e d   on  d u r i n g   the   t u r n - o f f  

p e r i o d   and  the   s p e c i f i e d   i n i t i a l   t u r n - o n   p e r i o d   of  t h e  

BIFET  1,  w h e r e b y   the  h i g h   p o t e n t i a l   s i d e   end  of  t he   r e s i s t o r  

13  which   i s   t he   o u t p u t   t e r m i n a l   of  the   v o l t a g e   d e t e c t i o n  

c i r c u i t   r e m a i n s   c o n n e c t e d   to  the   g round   n o d e .  

In  t he   a b o v e m e n t i o n e d   c i r c u i t   c o n f i g u r a t i o n ,   t h e  

d e s c r i p t i o n   w i l l   be  made  as  to  the  o p e r a t i o n s   in  the  c a s e  

when  an  o v e r c u r r e n t   f lows   t h r o u g h   the   BIFET  1  upon  o c c u r r e n c e  

of  f a i l u r e   w i t h i n   the  l oad   3.  When  an  o v e r c u r r e n t   f l o w s  

t h r o u g h   the   BIFET  1,  the   O N - v o l t a g e   t h e r e o f   is  r a i s e d .   A t  

t h i s   i n s t a n t ,   the   MOSFET  30  p r o v i d e d   in  p a r a l l e l   w i t h   t h e  

r e s i s t o r   13  of  t h e  v o l t a g e   d e t e c t i o n   c i r c u i t   is  in   o f f   s t a t e ,  

and  a c r o s s   t he   r e s i s t o r   13,  is   o b t a i n e d   a  v o l t a g e  

c o r r e s p o n d i n g   to  the  O N - v o l t a g e   of  the   BIFET  1.  T h i s  

v o l t a g e   is   a p p l i e d   t h r o u g h   the  d iode   29  to  the   g a t e   of  t h e  

MOSFET  26,  and  when  the   v o l t a g e   e x c e e d s   the  t h r e s h o l d   v o l t a g e  

t h e r e o f ,   t he   MOSFET  26  becomes  t u r n e d   on.  As  a  r e s u l t ,   t h e  

v o l t a g e   b e t w e e n   the   g a t e   and  s o u r c e   of  the   BIFET  1  is   l o w e r e d  

to  a  v a l u e   which  is   the   sum  of  the  O N - v o l t a g e   of  the   MOSFET 

26  and  the   f o r w a r d   v o l t a g e   of  the   d iode   27.  The  sum  i s  

d e t e r m i n e d   as  a  v a l u e   s u f f i c i e n t l y   lower   than   the  t h r e s h o l d  

v o l t a g e   of  t he   BIFET  1,  whereby  the  o v e r c u r r e n t   t h a t   f l o w s  

t h r o u g h   the   BIFET  1  is  i n t e r r u p t e d .  

As  d e s c r i b e d   above ,   when  the  o v e r c u r r e n t   is  i n t e r r u p t e d ,  

the  v o l t a g e   b e t w e e n   the   d r a i n   and  s o u r c e   of  t he   BIFET  1 

o s c i l l a t e s .   However ,   in  the   c i r c u i t   c o n f i g u r a t i o n   of  t h i s  



e m b o d i m e n t ,   even  when  such  o s c i l l a t i o n s   e x i s t ,   the   BIFET  1 

can  n e v e r   be  t u r n e d   on  a g a i n ,   so  t h a t   no  o v e r c u r r e n t   f l o w s  

t h e r e t h r o u g h .   The  r e a s o n s   fo r   t h i s   are  as  f o l l o w s .   At  t h e  

ga t e   of  the   MOSFET  26  t h a t   s h o r t - c i r c u i t s   b e t w e e n   the  g a t e  

and  s o u r c e   of  the   BIFET  1,  is   p r o v i d e d   the  r e s i s t o r   28 

c o n n e c t e d   in  p a r a l l e l   wi th   the   d iode   29.  When  the  v o l t a g e  

b e t w e e n   the   d r a i n   and  s o u r c e   of  the   BIFET  1  o s c i l l a t e s  

c a u s i n g   the  t e r m i n a l   v o l t a g e   a c r o s s   the  r e s i s t o r   13  to  b e  

l o w e r e d ,   c h a r g e   s t o r e d   by  the  e f f e c t   of  the  g a t e   i n p u t  

c a p a c i t a n c e   of  the   MOSFET  26  is  d i s c h a r g e d   t h r o u g h   t h e  

r e s i s t o r   28.  However ,   in  t h i s   embod imen t ,   the   t ime  c o n s t a n t  

of  t h i s   d i s c h a r g e   is  d e t e r m i n e d   so  l a r g e   t h a t   the  d i s c h a r g e  

t ime  r e q u i r e d   fo r   the  ga te   v o l t a g e   of  the  MOSFET  26  to  r e a c h  

Vth,  the   t h r e s h o l d   v o l t a g e   t h e r e o f ,   becomes  l o n g e r   than   t h e  

o s c i l l a t o r y   p e r i o d   of  the   v o l t a g e   be tween   the   d r a i n   a n d  

s o u r c e   of  the   BIFET  1.  C o n s e q u e n t l y ,   even  when  the  v o l t a g e  

b e t w e e n   the   d r a i n   and  s o u r c e   of  the   BIFET  1  becomes  z e r o ,  

the  MOSFET  26  can  n e v e r   be  t u r n e d   o f f ,   and  t h i s   p r e v e n t s  

t h a t   the   BIFET  1  becomes  t u r n e d   on  a g a i n   to  flow  a n  

o v e r c u r r e n t .  

M o r e o v e r ,   in  the  c i r c u i t   c o n f i g u r a t i o n   of  t h i s  

e m b o d i m e n t ,   when  o p e r a t e d   in  normal   o p e r a t i o n ,   as  d e s c r i b e d  

above ,   the   MOSFET  30  r e m a i n s   t u r n e d   on  fo r   a  s p e c i f i e d   t i m e  

a f t e r   a p p l i c a t i o n   of  ON-gate   s i g n a l   to  the   BIFET  1 .  

T h e r e f o r e ,   d u r i n g   the  t u r n - o n   d e l a y   t ime  of  the  B I F E T . 1 ,  

the  h igh  p o t e n t i a l   s i d e   end  of  the  r e s i s t o r   13,  which  is  t h e  

o u t p u t   t e r m i n a l   of  the  v o l t a g e   d e t e c t i o n   c i r c u i t ,   is  s h o r t -  

c i r c u i t e d   to  the  ground  node ,   so  t h a t   the  MOSFET  14  can  n e v e r  



be  t u r n e d   on,  whereby  a  t u r n - o n   f a i l u r e   or  t u r n - o n   d e l a y   o f  

the   BIFET  1  can  be  p r e v e n t e d .  

M o r e o v e r ,   the   p h o t o - c o u p l e r   shown  in  F i g u r e   5  c a n  

s i m i l a r l y   be  a d a p t e d   to  t he   c i r c u i t   in  t he   embodiment   shown 

in  F i g u r e   7 .  



1.  An  overcurrent   protection  circuit  for  a  BIFET  (1)  whose 

gate  is  connected  in  use  to  an  output  terminal  of  a  gate  signal 

generating  circuit  (50'),  the  protect ion  circuit  comprising  vol tage  

detection  means  (12,  13)  for  detecting  the  voltage  between  the  drain 

and  source  of  said  BIFET  charac ter i sed   in  t h a t :  

said  overcurrent   protective  circuit  further  comprises  main 

switching  means  (14)  which  is  arranged  to  lower  the  voltage  be tween  

the  gate  and  soure  of  said  BIFET  to  prevent  the  failure  or  delay  of 

turn-on  of  said  BIFET  in  response  to  the  output  of  said  vol tage  

detection  means. 

2.  An  overcurrent   protection  circuit  according  to  claim  1 

wherein  said  main  switching  means  includes  a  thyristor  (14)  whose 

anode  is  connected  to  the  gate  of  said  BIFET,  a  first  zener  diode 

(16)  connected  to  the  gate  of  said  t h y r i s t o r ,  

a  first  MOSFET  (15)  whose  drain  is  connected  to  the  ca thode  

of  said  thyristor  and  whose  source  is  connected  to  the  source  of 

said  BIFET,  and  a  first  delay  means  (19)  connected  between  the  ga te  

of  said  first  MOSFET  and  said  output  terminal  of  said  gate  signal 

generating  c i r c u i t .  

3.  An  overcurrent   protection  circuit  according  to  claim  1 

wherein  said  main  switching  means  comprises  a  first  MOSFET  (26) 

whose  gate  is  connected  to  the  source  of  said  BIFET,  a  first  diode 



(27)  connected  between  the  gate  of  said  BIFET  and  the  drain  of  sa id  

first  MOSFET,  first  delay  means  (28)  connected  between  the  gate  of  

said  first  MOSFET  and  said  output  terminal  of  voltage  d e t e c t i o n  

means,  and  sho r t - c i r cu i t ing   means  (30,  40,  43)  for  s h o r t - c i r c u i t i n g  

the  output  terminals  of  said  voltage  detection  means  during  the  o f f -  

period  and  a  specified  initial  turn-on  period  of  said  BIFET  under  

the  control  of  an  output  of  said  gate  signal  generating  c i r c u i t .  

4.  An  overcurrent   protect ion  circuit  according  to  claim  1 

further  comprising  a  subswitching  means  (20,  21)  for  lowering  t h e  

voltage  between  the  gate  and  source  of  said  BIFET  and  preventing  the  

failure  or  delay  of  turn-on  of  said  BIFET,  and  a  second  vo l tage  

detection  means  (24,  25)  for  detecting  a  voltage  between  the  d ra in  

and  source  of  said  BIFET. 

5.  An  overcurrent   protect ion  circuit  according  to  claim  2 

further  comprising  a  second  zener  diode  (17)  connected  between  t he  

drain  and  source  of  said  first  MOSFET  so  as  to  prevent  an  

overvo l t age .  

6.  An  overcurrent   protect ion  circuit  according  to  claim  2  or 

claim  5  wherein  said  first  delay  means  comprises  a  resistor  (19) 

connected  between  the  output  terminal  of  said  gate  signal  g e n e r a t i n g  

circuit  and  the  gate  of  said  first  MOSFET,  and  the  capaci tance   of 

said  f i r s t   NDSFET. 



7.  An  overcurrent   protection  circuit  according  to  any one  of 

claims  2,  5  or  6  further  comprising  a  photo  coupler  (31)  connec ted  

between  the  gate  of  said  BIFET  and  the  anode  of  said  t h y r i s t o r .  

8.  An  overcurrent   protect ion  circuit  according  to  claim  2  or 

any  of  claims  5  to  7,  wherein  the  time  constant  of  the  delay  c i rcu i t  

is  set  so  as  to  keep  said  MOSFET  in  an  o f f - s t a t e   during  the  period 

in  which  an  ON-gate  signal  is  not  applied  to  the  gate  of  said 

modula ted-conduct iv i ty   type  MOSFET  and  during  the  initial  turn-on 

period  in  which  the  voltage  between  the  drain  and  source  of  said 

modulated-conductivity  type  MOSFET  is  lowered  by  at  least  10% 

compared  to  that  before  reception  of  the  on-gate  signal  at  the  ga te  

t h e r e o f .  

9.  An  overcurrent   protection  circuit  according  to  claim  3 

wherein  said  short-circuiting  means  is  comprised  of  a  second  MOSFET ' 

for  shor t -c i rcu i t ing   the  output  terminals  of  said  voltage  de t ec t i on  

means,  a  MOS-INVERTER  having  a  third  MOSFET  whose  drain  is  connected 

to  the  gate  of  said  second  MOSFET,  and  a  second  delay  means 

connected  between  the  output  terminal  of  said  gate  signal  gene ra t ing  

c i rcui t   and  the  gate  of  said  second  MDSFET. 

10.  An  overcurrent  protect ion  circuit  according  to  claim  3 

wherein  first  delay  means  is  comprised  of  a  resistor  (28)  and  a 

second  diode  (29)  connected  in  paral le l   with  said  r e s i s t o r .  



11.  An  overcurrent   protect ion  circuit  according  to  claim  3 

further  comprising  a  photo  coupler  (31)  connected  between  the  g a t e  

of  said  BIFET  and  the  anode  of  said  f i r s t   diode.  

12.  An  overcurrent   protect ion  circuit  according  to  claim  4 

wherein  said  subswitching  means  is  comprised  of  a  bipolar  t r ans i s to r  

whose  col lector   connected  to  the  gate  of  said  BIFET,  a  third  z ene r  

diode  connected  between  the  base  of  said  bipolar  t ransistor   and  t he  

output  terminal  of  said  voltage  detection  means,  and  a  second  MOSFET 

whose  drain  is  connected  to  the  emitter  of  said  bipolar  t r a n s i s t o r  

and  whose  source  is  connected  to  the  source  of  said  BIFET, a  second 

delay  means  being connected  to  the  gate  of  said  second  MOSFET. 

13.  An  overcurrent   protec t ion   circuit  according  to  claim  9 

wherein  said  second  delay  means  is  comprised  of  a  second  r e s i s to r  

connected  between  the  output  terminal  of  said  gate  signal  gene ra t i ng  

circuit  and  the  gate  of  said  third  MOSFET,  and  the  capaci tance   of 

said  th i rd   MOSFET. 

14.  An  overcurrent   protect ion  circuit  according  to  claim  12 

further  comprising  a  third  zener  diode  connected  between  the  dra in  

and  source  of  said  second  MDSFET  for  preventing  an  ove rvo l t age .  

15.  An  overcurrent   protect ion  circuit  according  to  claim  12 

wherein  said  second  delay  means  comprises  a  first  resistor  connec t ed  

between  the  output  terminal  of  said  gate  signal  generat ing  c i rcu i t  



and  the  gate  of  said  MOSFET,  and  the  capacitance  of  said  second 

MOSFET. 
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